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Elevated Blood Lead Levels in Children Associated
With the Flint Drinking Water Crisis: A Spatial
Analysis of Risk and Public Health Response
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Correlation between water
lead (WLL) & blood lead (BLL)
Scotland Moore et al., 1977 R =052
Greater Boston Worth et al., 1981 19% of variance explained
Ayr, Scotland Sherlock et al L 1984 R?=0.65
Moore et al., 1985
Wales Elwood et al.,, 1984  38% of variance explained
Scotland Lacey et al,, 1985 R =057
Vosgian Bonnefoy et al., 1985 Spearman’s rho
Mountains, France =0.30 for men
=0.47 for women
Edinburgh Raab et al., 1987 43% of variance explained
Hawaii Maes et al., 1991 77% of variance explained
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Study Reference Key Points

Saxonia, Englertetal, 1994 W | avoidable surplus exposure
Germany

Glasgow, Watt et al., 1996 WLL > 10 pg/L still health problem,
Scotland especially for bottle-fed infants
Rochester, Lanphearetal, Dust main lead exposure source, WL L
NY 2002 also associated with BLL

Hamburg, Fertmann et al., WLL greater concern than lead paint,
Germany 2004 due to lead pipes

Washington, Edwardsetal, Children’s EBL incidence higher in

DC 2009 high-risk neighborhoods

Washington, CDC, 2010 Lead service lines risk factor for EBL
DC even if LCR Pb action level met

Flint, Ml Hanna-Attishaet  Children’s EBL incidence higher after
_____________________________________________________________ A Shegeimwalrsowce

Children or women
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TREATMENT PLANT: / SERVICE WATER BRASS
NO LEAD / CONNECTION FOUNTAIN FAUCET !
(LEAD PIPE, i
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/ OTHER MATERIALS)  ° RAINER

\ LEAD /

i f WATER VALVES GALVANIZED SOLDER
/ / METER IRON JOINTS

BUILDING

= Lead Service Lines {LSLs) ) ij;iﬁ{iﬁ;;;?éws) fittings, faucets,
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= (ablvanized ron Pipe downstream of
» Leaded Solder ieaded plumbing
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0.5%Pb
2% Pb

3% Pb

* Shut-off valves are frequently captured in 250 mL to 1 L samples
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Configuration #4: long run of LEAD, potentially highest exposure risk
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LSL
100 ppb lead max

55 ft. (1.25 gal) —» e 30 ft. (0.7 gal) ——>

« EPANET simple home model from EPA modeling team
» Only assumes LSL, no other source of lead

+ When water sits stagnant in LSL, the concentration of lead
increases until it reaches solubility limit

« When water is used, the slug of lead moves from the LSL
into the other pipes and eventually reaches faucets/fixtures

Murray, 2017
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Large water volume
flushes out lead Shower

Defines lead concentration (17292l @2
in the next glass of water _?_prln)t
olie
from the tap dscia:
gpm)

Note: For illustrative purposes only.
Different assumptions would yield different
modeling results.

100%

50%

4 ppb

100 ppb

Murray, 2017
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« Small water volume moves
lead from LSL into home
plumbing pipes

« Concentration at tap remains 0 Glass of water 0% 0 ppb
(no other source of lead (8 0z)
assumed), until more water is
used and slug reaches tap Brush teeth 20% 100
(1 gal) ppb

Note: For illustrative purposes only. Murray, 2017

Different assumptions would yield
different modeling results.
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Kitchen
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water consumed

water sampled

Factors affecting
Pb release
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No single universally applicable sampling
approach for lead in drinking water exists

There are many protocols, but each has a specific

use answering a specific question

What question(s) are you trying to answer?
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SAMPLE FOR:

+ Does the water meet
_ regulatory standards for Pb?
« How effective is the current

corrosion control treatment

* What type of Pb is present
__ (dissolved/ particulate)?

+ What is the general public’s
__exposure to Pb in water in this
residence/ neighborhood/
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Lead and Copper Rule (LCR), 1991

— LCR sampling pool consists of homes believed to contain major
lead plumbing sources

— Homeowners collect 1 L of water from kitchen tap after
overnight water stagnation (6+ hr)
— 90" %ile lead results compared to Lead Action Level of 15 ug/L

— 90™ %ile action level is a trigger for corrosion control treatment
rather than an exposure level

— Rule identifies system-wide problems LCR Sampling Pool
rather than problems at individual buildings

#Pb <15 ppb
Pb > 15 ppb
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Sequentlal Sampling (Profile Sampling)

Map interior plumbing and approximate exterior route to
main in terms of lengths, ID and visible materials

Allow water to sit motionless for 30 minutes to overnight
Take successive samples of variaple-volumes;—as
desied et
Different sample volumes can
somewhat differentiate
bubbler or faucet, valve, tubing,
inside-wall plumbing
Can help determine if /where LSL
is present

............................... Il=~20 ft.

< Piest Drasy

-‘:--‘f--mgw-m---------------------Ly-t-le--e-t--a-l-.--,----201-8-§

Relate Pb and/or Zn, Cu, Sn, Fe in samples to plumbing volumes/distance from tap and location of leaded materials
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Side Stream (Proportional)
Composite Sampler

Exposure reference method

Device affixed to tap &
consumer-operated

Proportion of every draw meant
for consumption routed into
holding tank

Collects lead under normal use
conditions

Capturing a range of flow rates,
stagnation times, flow durations,
and temperatures

After one week the composite
sample analyzed for lead to
obtain the average lead
concentration

van den Hoven, 1987
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Environmental assessments of lead-poisoned
children by Health Departments:

- Is water tested?
- Ifyes, what is the sampling protocol?

fnan
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« Example: 0-1 year old consuming reconstituted baby formula

» [EUBK model predictions
» 800 mL/day, Average consumption

» Default exposures from other lead sources

« GSD = 1.45 ug/dL (EPA 2004 for formula-fed children)

Predicted Water Lead Reguired to Excesd BLL Threshold

BLL Threshold for
(Hg/dL) n , n
50%h Percantile 5% Porcentile | 35%th FParcentile
10 80 ug/l 40 ugfl 22 ugil
5 18 gl g 4 ugfl

Triantafyllidou et al., 2014
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ly variable (spatially and
temporally)

* Elevated lead in tap water can still contribute or even cause
elevated lead in blood of children, in cases of sub-optimal
corrosion control at the presence of leaded plumbing

* Different sampling protocols may yield different lead
concentrations and sample different sources/forms of lead

* Choosing the appropriate protocol for the sampling intent is
crucial to producing meaningful lead data

* Modeling suggests that the most sensitive children (i.e.,
upper tail of the blood lead distribution) and most exposed
children (i.e., formula-fed children consuming high water
volumes) are at highest risk of blood lead elevations
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 Jennifer Tully (Pegasus)
 Kelly Cahalan (ORAU)

* Regan Murray, Jonathan Burkhardt & Darren
Lytle (USEPA)
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Simoni Triantafyllidou
triantafyllidou.simoni@epa.gov

Notice

The information in this presentation has been reviewed and cleared for
public dissemination according to EPA policy. Mention of trade names
or commercial products does not constitute EPA endorsement or
recommendation for use
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